INTRODUCTION
The commonest malignancy found in Indian women is cervical cancer. In India about 100,000 women develop this cancer every year 1 constituting about 16 % of the world's annual incidence of cancer 2 In developed countries the incidence of cervical cancer has decreased due to screening, early detection and treatment. However, in developing countries, 80% of cervical cancers are incurable at the time of detection due to their advanced stage. 3 Therefore, screening for pre invasive and early invasive lesions of the cervix is a priority in the developing world.
Pap smear has been the standard screening test used in India. But it has several limitations. This screening method has low sensitivity. Also, it requires trained cytopathologists and technicians. And in a developing country like India many of the patients are lost to follow up. Therefore a need was felt to investigate other screening modalities.
An alternate screening test is Visual Inspection of the cervix with Acetic acid (VIA), VIA is a highly sensitive screening test. It is especially suited for a country like ours because of its low cost and minimal technological requirements. However, the main disadvantage is its low specificity leading to high false positive screens. In order Persistent High risk Human Papilloma virus infection is a known risk factor for cervical cancer. In most cases, cervical intraepithelial carcinoma is assumed to be preceded by a period of HPV infection. 80-99% of invasive cervical cancers 3 and 63-72% of high grade dysplasia 4, 5 are positive for high risk HPV DNA. However it must be kept in mind that 5-40% of all women in the reproductive age group are also positive for high risk HPV DNA. This means that all cases positive for HR HPV DNA are not necessarily harboring cervical cancer or any of its precursor lesions. Thus, the exact role of HPV DNA testing as a screening test is yet to be established.
This study was designed to evaluate whether the addition of High risk HPV DNA testing to a simple test like VIA could prove to be better and more effective screening strategy than either test alone or screening by Pap smear.
METHODS
This study was carried out in the Department of Obstetrics and Gynecology, Maulana Azad Medical College (MAMC) and associated, Lok Nayak Hospital New Delhi. Over a period of one year, 400 patients amongst those attending the gynecology OPD were included in the study.
Multiparous women in the reproductive age group presenting with history of any or all of the following were included:
Inter-menstrual bleeding (iii) Post coital bleeding (iv) Clinically suspicious looking cervix Nulliparous patients, pregnant patients, patients with active bleeding per vaginum and patients with frank growth on the cervix were excluded from the study.
An informed consent was taken from all subjects. After obtaining a detailed history, all the patients were subjected to a general, systemic and local examination.
All patients then underwent unaided visual examination using a cuscos speculum. A Pap smear was taken using an Ayre's spatula. The Pap smear was prepared by smearing the material obtained on the ayre's spatula on a glass slide and immediately fixing it in 95 % alcohol. A smear for HPV DNA detection was taken for 58 VIA positive women and 104 controls (VIA negative). A larger number of controls were taken as there is a higher chance of finding HPV DNA in VIA positive cases. The smear for HPV DNA detection was prepared by smearing the material on a paper slide 6 made of Whatman 3 mm sterile filter paper. This paper slide was stored in a polythene pouch. Acetic acid diluted to 5% was then applied to the cervix, using a swab stick, and visual inspection with acetic acid (VIA) was done after one minute. This was followed by colposcopy for all patients.
All Pap smears and cervical tissue specimens obtained on biopsy were processed and diagnosed in the cytopathology division of Institute of Preventive Oncology (ICPO), ICMR in MAMC New Delhi. All the slides were examined by the same cytopathologist, and reported according to Bethesda III, to maintain uniformity in reporting.
Polymerase chain reaction (PCR) for the detection of High Risk Human Papilloma Virus (Type 16 and 18) DNA was carried out in the molecular oncology division of ICPO, ICMR in MAMC, Delhi. The oligonucleotide sequences used are shown in Table 1 . The criteria for being considered test positive for the four tests was as follows: for the pap smear , a finding of LSIL or worse; for HPV , the presence of HPV 16 or 18 DNA by PCR; for VIA the presence of a distinct aceto-white area; for colposcopy reid index score 7 of 3 and above.
Cervical Biopsy was taken if indicated i.e. in all cases having a reid index of 3 or more on colposcopy. The biopsy was obtained either by a cervical punch biopsy forceps or a loop biopsy was taken. The examination was concluded with a per vaginum examination to rule out other pelvic pathologies.
Biopsies revealing mild dysplasia or worse lesions on histopathology were considered as true positive cases.
Biopsies showing chronic cervicitis, chronic cervicitis associated with koilocytic changes were considered negative.
All results were compiled and subjected to statistical analysis. The sensitivity, specificity, predictive value of positive test, predictive value of negative test, percentage of false positives and percentage of false negatives were calculated for the following tests with biopsy taken as the gold standard. 
RESULTS
The mean age of the subjects in the study group was 32.22 years. Amongst the women with CIN the mean age was 36.02 years (p > 0.05). The majority of women screened (52.1%) were para 3 or 4. The mean parity was 2.82. The mean parity among women with CIN was 3.11 (p > 0.05). Amongst the general population, the mean age at first coitus was 18.36 years with 71% of the cases having first coitus before 19 years. On the other hand, 80.5 % of the women with CIN had first coitus before 19 years of age with the mean age being 17.43 years. Only 3.5 % of the population were using oral contraceptive pills.
The most common presenting symptom in the majority of women (89.2%) was discharge per vaginum, followed by pain lower abdomen and backache (7.0%). Other complaints included pruritus vulva, intermenstrual bleeding, post coital bleeding, dyspareunia and dysuria.
The most common finding on speculum examination was chronic cervicitis (41%). This was followed by erosion (34%) and normal cervix in 24%.
Amongst the 400 women screened, Pap smear was reported as normal or inflammation in 379 (94.6%) and abnormal in 21 (5.4%). 21 abnormal smears included 7 LSIL, 9 LSIL with HPV infection, 3 HSIL and 2 with cells suspicious of malignancy. Thus out of 400 women screened Pap showed LSIL in 4.1%, HSIL in 0.8% and suspicion of malignancy in 0.5%. ASCUS was reported in 1% smears. 197 out of 400 smears (49.3%) had inflammation. 50 out of 400 smears (12.5%) showed inflammation with infection, of which HPV was the commonest occurring in 11% of all smears. Other infections included Trichomonas vaginalis, Gardenella vaginalis, chlamydia and leptothrix.
VIA positivity was seen in 14.5 % ( 58/400) subjects and 85.5% ( 342/400 ) were VIA negative.162 patients were tested for High risk HPV of which 58 were VIA positive and 104 were VIA negative. The detection of HPV 16 or 18 DNA by PCR was considered positive and its absence was considered negative. 60 of these 162 cases (37%) were positive for HPV 16 DNA and 2 cases (1%) were positive for HPV 18 DNA. 100 cases (62%) were negative for either HPV 16 or 18. Thus a total of 38% tested cases were positive for high risk HPV of which 96% were HPV 16 Positive. Amongst the 77 abnormal colposcopies 37 (48%) had a Reid score of 0 to 2 and were considered negative. 40(52%) had a positive colposcopy .
Cervical biopsy was done on all 77 patients found abnormal on any of the three screening methods. 36 out of 77 (46%) biopsies were positive and 41 out of 77 (54%) biopsies were negative. The 36 positive biopsies included 18 mild dysplasia, 5 mild dysplasia with condylomatous change, 5 moderate dysplasia, 5 severe dysplasia and 3 carcinoma in situ.
The individual tests -VIA, Pap smear, Colposcopy and HPV were analysed with reference to biopsy. Table 2 shows a comparative table of the performance of the various tests.
The sensitivity of test (VIA + HPV) for low grade dysplasia was 80.6% which was lower than that of VIA alone (91%) and lower than that of HPV DNA detection alone (86%). The specificity of the test (VIA + HPV) was 68.3% which was significantly higher than that of VIA alone (39%) and also higher than that for HPV DNA detection when used alone (56%). Thus, secondary triage testing by high risk HPV DNA testing in VIA positive cases improves the specificity of VIA as a screening test for cervical dysplasia with a small reduction in its sensitivity. The improvement in the specificity of VIA by the addition of HPV DNA testing was found to be statistically significant (p = 0.000).
If Instead of HPV testing Pap smear is used to triage women who are VIA positive, the sensitivity of the test would be only 44% (16/36) but the specificity would be 100% (41/41).
DISCUSSION
In this study we have evaluated the performance of VIA, Pap smear, High risk HPV DNA testing and colposcopy as screening modalities for cervical cancer. We have also presented an assessment of the performance of a combination test of VIA and HPV DNA testing as a screening modality. This combination has also been compared with a combination of VIA with pap smear.
Pap smear has been the standard screening test for cancer cervix detection in India. However it has been shown to have a low sensitivity varying from 51 to 84% 8, 9, 10, 11 resulting in a high false negative rate varying from 25-48 %.The sensitivity of Pap smear has been found to be even lower in developing countries, specially with regards to lower grade of abnormality. The possible reason for this may be the large percentage of cervicitis and inflammatory smears which mask mild dysplasia. 12 In our study the sensitivity was found to be 52.7% which was comparable to that found in the meta-analysis of 85 studies by AHCPR where it was 51%. 11 The specificity of cytology is however high. Our study showed 95.12% specificity which compares well with other studies which have shown the specificity to range from 95 to 99.8% with a low false positive rate of only 0.2 to 1%. [8] [9] [10] 13 There are many limitations of Pap smear besides its low sensitivity. Large scale screening requires infrastructure and technical staff which may not be available in developing countries. Also follow up visits are required for which our patients may not be compliant. These factors had forced the health providers to look at alternative screening modalities for screening for cancer cervix.
VIA is being investigated as an alternative screening modality. Various studies have shown the sensitivity of VIA is high and ranges from 63.5% to 90.1%. [14] [15] [16] [17] However the specificity of VIA has been found to range from 43 % to 92%. [14] [15] [16] [17] This low specificity results in a high number of false positives. In our study VIA had a sensitivity of 91% and a specificity of 39%.
In order to improve the low specificity of VIA various studies has evaluated the role of a secondary triage procedure. One of these is detection of high risk HPV DNA detection. In our study the combination of HPV detection to VIA showed a sensitivity of 80.6% and a specificity of 68.3%. In various studies the combination test of VIA + HPV has a higher specificity, ranging from 68-96% than that of VIA alone. In our study, when HPV testing was added to VIA positive cases, the specificity rose from 39% to 68.3%. This was statistically significant. Thus if those cases positive by both tests were referred for colposcopy / biopsy , rather than those positive only by VIA , the number of false positive cases would be substantially reduced. The main disadvantage of the combined test is that its sensitivity is less than that of VIA and it will still miss about 20% of dysplasia.
If we triage the women who are VIA positive with Pap smear the sensitivity would be only 44% which is unacceptably low for a screening method.
An ideal screening method should not only be feasible on a large scale, but also be cost effective. One of the main advantages of VIA is its low cost. The other advantages are that it is easy to do and can be done in peripheral areas by paramedics on a large scale. HPV DNA testing is a relatively expensive test. Even if mass screening is done the cost would only be marginally reduced. Thus universal screening by HPV is too expensive and not cost effective. However if HPV testing was done only in the VIA positive patients we would require to perform the test only in a small fraction (15%) of the whole population. When the cost of such a two stage screening is applied we find that it is less than the cost for screening all women with a pap smear.
If VIA + Pap smear is used as a screening procedure , the total cost will be less as compared to the combination test of VIA + HPV DNA testing but the sensitivity of the VIA + pap smear would be significantly lower than that of the VIA + HPV combination.
The results of this study suggest that a combination of VIA with High Risk HPV DNA testing could be a more effective and more economical tan universal screening by pap smear, especially in low resource settings. 
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